ABSTRACT: An econometric model representing the United States, Mexico and Caribbean nations melon sectors was estimated to analyze the primary economic forces influencing Mexico's competitiveness in the U.S. winter melon market, a period when about two-thirds of U.S. consumption is imported. Results show peso-devaluation to be important in the short-run and yield-enhancing technology to be important in the short-and long-run. Increased rates of growth in Mexican yields were about six times more effective at increasing market share than NAFTA provisions which phase-out U.S. tariffs. An accelerated rate of growth in Mexican per capita income was found to reduce melon exports about 75% while higher wages would reduce exports about 20% in the long-run.
Mexico and Caribbean nations supply virtually all imported quantities during this period: in 1996, the value of U.S. fresh melon imports was over $0.20 billion or about one-third of tomato imports, the leading fresh vegetable import (USDA, 1997) . Historically, Mexico was the primary foreign source of melons for the U.S. winter market. However, over the past two decades, Mexico's share of the U.S. melon market has declined while that of Caribbean nations increased (Espinoza, 1998) . Some believe that Caribbean nations have been advantageously positioned in the U.S. market because of (1) the most-favored-nation status that has been extended to these countries along with its duty-free provisions and (2) the Caribbean Basin Initiative (1983) . It is argued that the NAFTA (North American Free Trade Agreement) provisions which phase-out U.S. melon tariffs on Mexican imports will again establish Mexico as the dominate supplier to the U.S. winter market. Others hold that Caribbean nations enjoy a technological advantage that will not be erased by the tariff-reducing provisions of NAFTA. The objective of this study is to identify and measure the primary economic forces influencing Mexico's ability to compete with Caribbean nations and U.S. melon suppliers in the U.S. winter melon market. Analysis focuses on (1) the Mexican peso devaluation in late 1994/95, (2) growth in Mexican agricultural wage rates, (3) yield-enhancing technologies, (4) heightened rates of per capita income growth in Mexico, and (5) NAFTA and its associated phase-out of U.S. melon tariffs. Analysis is accomplished with an estimated price equilibrium econometric simulation model that represents the cantaloupe, honeydew and watermelon industries in the United States, Mexico and Caribbean nations. This study will be of particular interest to agribusinesses in developing nations who are attempting to evaluate the role of technology (crop yields) and tariff elimination policies as forces affecting their competitive position in U.S. markets.
LITERATURE REVIEW
A review of refereed literature showed little economic analysis regarding melons or international melon trade. Suits estimated a farm-level demand equation for U.S. watermelon based on national data covering the 1930-1951 period: the estimated income and own-price elasticities were 1.37 and -0.90, respectively. Buxton estimated U.S. supply response equations for honeydew and watermelon with 1970-1991 data: the estimated supply elasticities for watermelon and honeydew were 0.34 and 1.16, respectively. Buxton found supply was primarily dependent on lagged own price and the cross-price effects generally were small and not statistically significant. Fuller and Hall suggested that the tariff-reducing provisions of NAFTA and the U.S./Mexico exchange rate may have an important influence on U.S./Mexico melon/vegetable trade. Cook, Benito, Matson, Runsten, Shwedel, and Taylor indicated that melon production in Mexico is generally complementary with U.S. production in December through April but note some competition in May. Brown and Suarez observed that California, Texas, and Arizona producers dominate the U.S. market from May to December while Mexico and Caribbean nations become primary suppliers from January through April.
Several international vegetable trade studies had objectives that parallel this study thus, a review of that literature is included. Simmons and Pomerada (1975) and Zabin (1997) examined the effect of Mexican wage rates on winter exports of fresh vegetables to the United States. Simmons et al. estimated a 10% increase in Mexican wage rates would lower exports 7%. Zabin found the real cost of labor for growers in Mexico was less than that for California growers, however, the difference in costs was considerably smaller than the differential in wage rates. Taylor and Wilkowske (1984) showed productivity growth was central to the ability of U.S. vegetable producers to compete with foreign competition and Cook (1992) identified technological developments as important in determining the competitiveness of Mexican producers in the U.S. market. Schuh (1987) demonstrated the importance of the exchange rate in affecting U.S./Mexico trade and Fuller, Capps, Bello, and Shafer (1991) found the real peso/dollar exchange rate to have a statistically significant affect on Mexican onion exports to the United States. Schulthies and Williams (1992) suggested the rapidly growing demand for fresh vegetables and melons in Mexico may limit the ability of that country to export these commodities. Finally, several studies focused on the importance of U.S. vegetable tariffs in shaping trade. Hammig and Mittelhammer (1982) estimated that removal of U.S. tomato tariffs would reduce domestic supply 24%. Others have shown that selected U.S. vegetable tariffs increase the cost of Mexican exports to the U.S. beyond total Florida producer costs (Buckley, VanSickle, Bredahl, Belibasis, and Gutierrez, 1986) .
BACKGROUND
United States cantaloupe and honeydew production in late May overlaps imports while watermelon imports and domestic production compete during April and May. Florida is a significant source of watermelon in April, while Florida, California, and Texas supply nearly 85% of consumption in May (USDA, 1970 (USDA, -1994b . In this analysis, cantaloupe and honeydew imports in the December through May period were viewed as complementary with U.S. production while watermelon imports were competitive.
Melon shipment data suggests Costa Rica, Guatemala, and Honduras have gained important shares of the U.S. winter cantaloupe and honeydew markets over the 1972/74 to 1992/94 period (USDA, 1970 (USDA, -1994b Melon imports from Caribbean nations have entered the U.S. duty-free for an extended period because of these countries most-favored-nation status. In contrast, melon imports from Mexico have experienced a variety of tariffs during the December through May period. Prior to NAFTA, watermelon imports were levied a 20% ad valorem tariff throughout the December through May period: NAFTA provisions immediately phased-out all tariffs except for imports in May which are subject to a 10 year phase-out. Historically, Mexican honeydew imports were subject to an 8.5% ad valorem tariff during the December through May period. The May tariff is to be phased-out by 2004 (10 years) while the December 1 through April 30 tariff is to be phased-out over a five year period. Currently, no effective U.S. tariffs exist on Mexican cantaloupe imports since they were historically duty-free from January 1 through May 15 and in 1994 the December tariff was removed (Espinoza, 1998) .
The melon industries in Caribbean nations have benefitted from investments in melon production technology over the 1972/74-1992/94 period. In 1972/74, cantaloupe yields in the major Caribbean exporting nations averaged 4.12 tons/hectare or about one-third of Mexican yields (12.89 tons/hectare). However, by 1992/94, cantaloupe yields in Caribbean nations had grown to nearly 19 tons/hectare while Mexican yields were about unchanged. Similar trends have occurred for honeydew with Caribbean nation yields increasing from 1.12 tons/hectare to nearly 16 tons per hectare over the 1972/74-1992/94 period (FAO).
METHODOLOGY Model, Data, and Model Validation
The specified model included three regions (United States, Mexico, Caribbean nations) and three commodities (cantaloupe, honeydew, watermelon) with individual melon demands and supplies for each region. Because U.S. honeydew and cantaloupe production during the December through May period is comparatively small, the domestic supply of these melons was viewed as exogenous in the specified model: in contrast, U.S. watermelon supply was treated endogenously since imports compete with U.S. production. Price linkage equations connected retail and farm-level prices in each region. Price transmission equations linked Mexico and Caribbean nations to the U.S. markets and included tariffs and exchange rates. The excess supplies of Mexico and Caribbean nations were equated with U.S. excess demands to determine market clearing conditions.
Per capita melon demands were specified as a function of own-retail price, other melon prices and per capita income while supplies were estimated with an acreage equation and yield. Harvested acreage was assumed to be a function of lagged farm melon price, lagged price of a competing crop and a production input cost. Mexican and Caribbean nation prices were specified as a function of U.S. prices, the real exchange rate and applicable tariffs (Chambers and Just, 1979) . This specification seemed reasonable since the U.S. import market dominates melon markets in both countries during the December through May period. Mexico and Caribbean nations' excess supply equations were the difference between their respective domestic supplies and demands. The excess demands of the United States were formulated as the difference between U.S. demand and supply plus exports. Equilibrium conditions were obtained with the trade equations by equating the exporters excess supplies with U.S. excess demands. Since the U.S. imports small quantities of fresh melons from other countries than Mexico and Caribbean nations during the December to May period, they were treated as exogenous in the trade equations. Similarly, Mexico and Caribbean nations export small quantities of melons to other countries than the United States, thus these supplies were treated as exogenous in the model. Data to estimate model parameters represented the December through May period (winter) for . Unfortunately, the availability of Mexican and Caribbean nation data limited the estimation of selected specified equations. In particular, inadequate data were available to estimate honeydew demand and supply for Mexico and melon demands and supplies for the Caribbean nations. Mexican data on honeydew production and harvested area were not available for the study period and a continuous melon price and production data series for the major Caribbean nation producers were not available for 1970-94. In lieu of the specified demands and supplies, excess supply relationships were estimated for Mexican honeydew and for each of the melons produced and exported by the Caribbean nations. Estimation of the excess supply relationships facilitated the analysis, however, it reduced the number of scenarios that could be successfully analyzed for Caribbean nations and Mexican honeydew.
Mexican state-level data regarding cantaloupe and watermelon production, farm price, yield and harvested area came from the Secretaria (USDA, 1970 (USDA, -1994b . The U.S. Department of Agriculture publications provided data on U.S. melon prices and production and the Florida Department of Agriculture provided information on watermelon yields and farm-level prices (USDA, 1970 (USDA, -1994a (USDA, , 1989c (USDA, , 1993d (USDA, , 1970 . The Economic Report of the President was a source of information on labor and fertilizer input costs. Information on melon production, yields and input costs in Caribbean nations came from the Food and Agricultural Organization and the International Labor Office.
Three-stage least squares was used to estimate model parameters. The final fresh melon model included 19 behavioral equations and 70 estimated parameters. Forty-four of the 70 parameter estimates were significant at the 0.05 level and the goodness-of-fit measures (R 2 ) ranged from 0.35 to 0.94. The Durbin-Watson and Durbin-h statistics showed no autocorrelation problems (Pindyck and Rubinfeld, 1991) . Signs on all estimated parameters were consistent with economic theory and were, in general, in the expected range and in agreement with previous estimates. See Espinoza to view the estimated econometric model. The estimated melon model was validated using within-sample simulation. In general, the root mean square percentage errors (RMS% errors) were low (Ͻ 20%) except for selected endogenously-determined excess supplies. Excess melon supplies were estimated for Caribbean nations because of inadequate data to estimate melon demands and supplies. The Theil-U coefficient was near zero for nearly all predicted values and decomposition of the Theil inequality coefficient indicated no systematic error for any endogenously-determined variable. In addition, selected exogenous variables were shocked and dynamic multipliers calculated to determine model stability. All endogenous variables moved in the expected direction and returned to equilibrium after four periods. Results of the validation process suggested the melon model satisfactorily replicated historical time periods and was adequate to carry out the proposed analysis (Pindyck and Rubinfeld, 1991) .
Procedure
First, the validated fresh melon model was used to estimate a baseline forecast of the model's endogenous variables through 2004, the year when U.S. melon tariffs will be phased out. This was accomplished by incorporating into the melon model the projected values of exogenous variables through this time period. The resulting baseline forecast of endogenous variables served as a benchmark that could be compared with melon model simulations that included changes in critical exogenous variables such as melon yields, exchange rates, input costs, per capita income growth, and tariffs. The effects of the selected exogenous variables were isolated by comparing the baseline forecast with the outcomes associated with melon model simulations that included adjustments in the exogenous variables.
The projected values for the macroeconomic exogenous variables included in the baseline estimates came from the Food and Agricultural Policy Research Institute (FAPRI) while projected melon yields for the various regions were based on historical trends. The projected real per capita growth rate in GDP for the U.S. was projected at 1.2 to 1.4% from 1996 through 2004 while Mexico's growth rate was projected at 2%. The annual rate of population growth in the U.S. was projected to decline from about one percent to 0.84% over the 1996-2004 period while Mexico's population growth rate was projected to decline from about 2 to 1.6%. Real Mexican wage rates were projected to increase at an annual rate of 1.5% whereas U.S. wages increased at rates of 2.6 to 3.2%. The baseline estimate reflected the 1994/95 devaluation of the peso. The peso/dollar exchange rate was projected to increase about 20% in 1996 with the annual increase declining to about 8% by 2004, thus a continuing weakening of the peso relative to the dollar. Yields for U.S. watermelon were projected to increase at rates of 2 and 3% while Mexico watermelon yields were projected to increase at a 1.5% rate. All melon yields in Caribbean nations were projected to increase at an annual rate of 1.85% while Mexico cantaloupe yields were projected to increase at a 0.92% rate. The baseline forecast assumed the U.S.'s scheduled tariff phase-out under provisions of NAFTA would continue unimpeded: watermelon and honeydew tariffs are to be totally eliminated by 2004.
RESULTS

Baseline Forecast
The baseline forecast extends through 2004: it showed aggregate U.S. consumption of cantaloupe and honeydew increasing during the winter while aggregate consumption of watermelon edged downward. The decline in U.S. watermelon consumption appeared to result from the relatively low income elasticity for watermelon and a comparatively modest decline in real price over the projected time period. Imports of cantaloupe and honeydew by the United States were projected to increase about 16 and 5%, respectively, over the 1996-2004 period, while watermelon imports decrease. The decline in watermelon imports from Mexico was due to increased market share held by U.S. producers in combination with a modest decline in per capita consumption (Espinoza, 1991) .
The baseline forecast (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) showed Mexico to supply a declining share of U.S. imported winter melon consumption, thus continuation of the historical trend (Table 1) . Over the forecast period, Mexico's share of U.S. imported cantaloupe consumption was projected to decline from 36 to 16%, while Caribbean nations share increases from about 64 to 84%. Similarly, Caribbean nations were projected to supply an increasing share of U.S. imported winter honeydew consumption by upping their market share from 56 to 63% over the 1996 to 2004 period. Over this time period, Mexico's share of the imported U.S. honeydew supply was projected to decline from 40 to 33%. Mexico and U.S. producers vie for the U.S. winter watermelon market and, based on the baseline forecast, Mexico's share will continue to decline. In particular, Mexico's share was projected to decline from 30 to 13% over the forecast period (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) while U.S. producers share increases from 65 to 82%.
Results of Simulation Analysis
To determine the effect of selected forces on the competitiveness of Mexico in supplying U.S. winter melon markets, the baseline forecast for selected endogenous variables was contrasted with melon model projections that reflected changes in exogenous variables thought to be important in determining the competitiveness of Mexico. Analysis focused on (1) changes in the Mexican peso/U.S. dollar exchange rate, (2) phase-out of U.S. melon import tariffs under the provisions of NAFTA, (3) accelerated per capita income growth in Mexico, (4) an increasing rate of growth in Mexican cantaloupe and watermelon yields, and (5) an increasing rate of growth in Mexican wage rates. The effect of the 1994/95 Mexican peso devaluation on that country's exports to the U.S. melon market was evaluated by presuming that the peso/dollar exchange rate had been fixed at the 1993 level from 1996 through 2004 and, then, contrasting that simulated outcome with a forecast that reflected the 1994/95 devaluation. Results showed, as expected, that the 1994/95 devaluation had an important short-run affect on Mexican melon exports to the United States ( Table 2 ). The analysis projected Mexico's respective watermelon, honeydew, and cantaloupe exports to the United States to have increased about 36, 18, and 4% relative to the baseline estimate as a result of the 1994/95 peso devaluation. The 1994/95 devaluation was estimated to have increased Mexico's share of the U.S. imported watermelon, honeydew, and cantaloupe market 11, 7, and about 2 percentage points, respectively, in 1996. However, by 2004, the effect of the 1994/95 devaluation was more modest: this occurred because of the comparatively rapid rise in Mexican price levels over the forecast period.
To evaluate the effect of scheduled reductions in U.S. honeydew and watermelon tariffs (NAFTA) on Mexican melon exports to the United States in the winter season, the baseline forecasts with their scheduled tariff reductions were contrasted with melon model projections that assumed no tariff reductions. As expected, the greatest influence of the tariff phase-out occurs in 2004, when all tariffs are scheduled to be removed (Table 2 ). For watermelon, the U.S. tariff phase-out was projected to increase Mexican exports to the U.S. about 17% above the baseline estimate by 2004 while honeydew exports were projected to increase about one percent. As a result of the tariff removal, Mexico's share of the U.S. watermelon market was projected to increase about 2 percentage points while the affect on Mexico's share of the honeydew market was inconsequential. The comparatively low wages paid to Mexican labor is generally believed to be critical to Mexico's competitiveness in international vegetable/melon markets. To evaluate this notion, the baseline forecast was contrasted with a melon model simulation that assumed real agricultural wages grew at an annual rate of 2% rather than the historical 1.5%. When all forces were held constant except agricultural wages, Mexico's exports of watermelon, cantaloupe, and honeydew declined about 32, 15, and 7%, respectively, relative to baseline estimates in 2004 (Table 2 ). Higher real Mexican agricultural wages were projected to decrease Mexico's share of the U.S. import market for watermelon about 4 percentage points and for remaining melons about 2 percentage points in 2004.
The baseline forecast presumed real per capita income in Mexico to increase at an annual rate of 2%. Some believe Mexico's economic growth over the next decade will be considerably higher than the baseline estimate. Heightened economic growth and per capita income could reduce Mexican melon exports since higher incomes would increase domestic melon demand and consumption. To measure the effect of higher incomes, baseline estimates were contrasted with estimates that assumed real per capita incomes increase from 2.3 to 4.9% over the 1996 to 2004 period (Table 2) . Results show accelerated economic growth to have an important affect on Mexico's melon exports. By 2004, Mexico's cantaloupe and watermelon exports to the United States were projected to decline 60 and 92%, respectively, relative to baseline estimates as a result of the heightened growth in per capita income. As a result, Mexico's share of the U.S. winter melon import market declined: analysis showed Mexico's share of the U.S. cantaloupe and watermelon market to decline about 9 and 12 percentage points, respectively, relative to baseline estimates in 2004.
Finally, analysis focused on the effect of yield-enhancing technology. Mexico cantaloupe and watermelon yields in the baseline estimates were assumed to increase at their historical annual rate of 0.9 and 1.5%, respectively. To evaluate the effect of yield-improving technology on Mexico's international competitiveness, cantaloupe and watermelon yields were projected to increase at respective annual rates of 1.8 and 3%: these are the yield growth rates in competing regions. The rates at which yields increase over time have an important affect on competitiveness (Table 2 ). In the short-run, Mexico's exports of cantaloupe and watermelon increased 22 and 9%, respectively, as a result of heightened yields. However, by 2004, Mexico cantaloupe and watermelon exports were projected to increase about 79 and 119%, respectively, relative to the baseline solution. As a result, Mexico's share of the U.S. winter cantaloupe and watermelon market was projected to increase 10 and 12 percentage points, respectively, relative to the baseline solution in 2004.
SUMMARY OF FINDINGS AND IMPLICATIONS
The effects of the peso/dollar exchange rate, relaxation of U.S. melon tariffs under provisions of the NAFTA, and accelerated growth rates in Mexico's per capita income, agricultural wages and melon yields were analyzed to determine their affect on Mexico's ability to expand melon exports to the U.S. winter market. In the short-run, devaluation of the peso and an accelerated rate of growth in melon yields had the greatest impact on Mexico's ability to export. On average, the heightened growth rate in melon yields was about 75% as effective as the 1994/95 peso devaluation in increasing Mexico's melon exports in the short-run. In the long-run, yield-enhancing technology, phase-out of U.S. tariffs, and a heightened rate of growth in Mexican per capita income and agricultural wages were important. Clearly, the accelerated growth rate in melon yields had the most important positive influence on Mexico's ability to export to the U.S. market: the accelerated rates of growth in yields were, on average, about six times more effective at increasing exports than removal of U.S. melon tariffs. Further, results show an accelerated economic rate of growth (accelerated growth rate in per capita incomes and agricultural wages) in Mexico dramatically reduces Mexican melon exports to the United States. On average, accelerated growth in per capita income would reduce Mexican exports about 75% while higher wages would reduce exports about 20% in the long-run.
Although many of the analyzed forces are not directly controlled by the business firm (i.e., exchange rates, tariff negotiations, per capita income growth), these findings suggest their importance to the agribusiness firm. First, exchange rates do have an important effect on trade, in particular, the weakening of the peso (exporters currency) increases export opportunities in the short-run. However, in the long-run, the one-time devaluations tend to dissipate. These findings suggest potential value in using currency futures/options to lock-in attractive exchange rates or to protect against adverse movements in exchange rates. Second, for commodities that encounter substantial tariffs (i.e., watermelons) the trend towards freer trade increases export opportunities, however, in the long-run, the tariff phase-out ranked last among the forces influencing exports. Thus, this analysis shows tariff removal is not a dominate force impacting trade. Third, Mexican exports of horticultural products would be severely hampered by an accelerated rate of growth in Mexican per capita income and Mexican agricultural wages. If accelerated economic growth were to occur in Mexico, Mexican producers/exporters would need to increasingly focus on the domestic market. Further, U.S. producers or export operations in other regions/countries may have enhanced opportunities to penetrate U.S. winter horticultural markets if economic growth in Mexico is accelerated. Because Mexican exports of horticultural products are sensitive to accelerated rates of growth in agricultural wages, it is important for Mexican producers/exporters to be vigilant regarding wages and to be knowledgeable of labor-saving methods. Finally, the most important factor affecting export opportunities in the long-run are yield-improving technologies. Study results suggest that Caribbean nations' increasing role in the U.S. winter melon market over the 1973/74-1993/94 period was more related to their increasing yields than the tariffs faced by the competing Mexican melons. Thus, the single most important factor affecting export opportunities in the long-run are yield-improving technologies which are under the direct control of the agribusiness firm.
In summary, the analysis shows that adoption of yield-enhancing technology is critical for developing nations who wish to compete in U.S. horticultural markets. The current trend toward freer trade will favorably influence nations export opportunities, however, the most important factor influencing long-run competitiveness appears to be technology improvements that lead to growth in crop yields.
